Summary
A complete diet containing 23% protein was fed to two-day -fasted rats. Much evidence has been accumulated which indicates that, following the administration of protein or a complete amino acid mixture to fasted rats and mice, the protein-synthesizing activity of the liver is rapidly enhanced with concomitant changes in the ribosomal profiles; heavy polysomes increase while oligosomes and monosomes decrease (1) (2) (3) (4) (5) (6) (7) . Such changes, especially at an early stage of refeeding , have been observed even in rats which had been pretreated with actinomycin D . Therefore, the stimulation is thought to be achieved by translational controls (4-6) although it has been reported that synthesis of mRNA and its transport from nuclei to cytoplasm are also stimulated (8) .
Although the shifting of heavy polysomes induced by refeeding suggested the stimulation of chain initiation, experiments had not been undertaken to clarify the effects induced by refeeding protein to fasted rats upon the initiation stage of protein synthesis. In this respect, it must be mentioned that the deprivation of essential amino acids from cultured medium resulted in a decrease in the initiation activity of peptide chain synthesis in cultured cells (29) .
Thus, an experiment to clarify these points was performed. A complete diet containing 23% protein was fed to two-day-fasted rats. The effects of this refeeding on protein synthesis and its initiation in the liver were investigated. Proteins in the diet were shown to be essential to the stimulatory effects of refeeding. 
RESULTS

Effects of refeeding on liver polysomes and poly (A)(+) mRNA
The typical sedimentation profiles of liver ribosomes from fasted and refed rats are shown in Fig. 1 . Liver ribosomes from refed rats, in comparison to those of fasted rats, contained much heavier polysomes with a concomitant decrease in oligosomes and monosomes. The results are reproducible and in agreement with those of many investigators (1-6). It is generally assumed that the enhanced initiation of peptide synthesis by refeeding causes a shift towards the aggregation of heavier polysomes. However, it is worth checking whether or not the amounts and the distributions of liver poly(A)(+) mRNA (17, 18, 31) are affected by refeeding , since a rapidly supplied abundance of mRNA may stimulate protein synthesis as well as its initiation.
The refeeding of the complete diet affected the amounts of poly(A)(+) mRNA and the labeling with [14C]orotate in vivo only slightly (Table 1) . Furthermore , the size distributions measured as sedimentation profiles of newly synthesized poly(A)(+) mRNA were unaffected by refeeding, as shown in Fig. 2 . These results indicate that the shifts of heavy polysomes induced by refeeding are not due to 
Effects of refeeding on protein synthesis in liver slices
The time courses of incorporation of [3H]leucine into total proteins in liver slices are shown in Fig. 3 . The incorporation was linear for the first 10 min and it is evident that the incorporating activity in liver slices from refed rat was clearly higher than that from fasted rats. It is also evident that the administration of a protein-free diet had little effect on the incorporating activity. These results suggest that the protein in the refeeding diet is necessary to produce the increase in protein synthesis in the liver of fasted rats.
Evidence for stimulation of chain initiation by refeeding
To obtain direct evidence for the increase in initiation of protein synthesis in liver slices from refed rats, the incorporation of [3H]methionine (19) 80S initiation complexes in the rat liver slices is increased by refeeding the complete diet. Thus, the enhancement of the protein-synthesizing activities with concomitant shift of polysomes toward heavier aggregates in refed rat livers must mainly be caused by stimulation of peptide chain initiation.
DISCUSSION
To investigate primary effects of refeeding a complete diet to fasted rats upon the translational activity in rat liver slices, we refed a complete diet to two-day fasted rats and used them at two hours after refeeding. It had been reported that even five hours after the administration of a protein-free diet (25, 26) there was an increase in protein synthesis with a concomitant increase of heavier polysomes in the rat liver as a secondary effect of the increased secretion of insulin (25, 26) . Therefore, it is notable that in our experiments the administration of the protein free diet had little effect upon the translational activity of liver slices. However, liver slices from rats refed a protein-containing diet showed significantly higher transla tion activity compared to that of fasted rats. This may indicate that the effect of refeeding fasted rats upon the liver-protein biosynthesizing system has a different effect over shorter intervals (early effects) following the refeeding than over longer intervals. It must be further stated that we added a complete amino acid mixture to the reaction mixture in order to avoid the effects of refeeding upon changes in the amino acid pool size. In this respect, it was reported that cellular free essential and non-essential amino acid pools in rat liver were significantly decreased by fasting for three days (30) .
In parallel with the stimulation of translation, better preservation of heavy polysomes during the incubation was observed in liver slices from refed rats than in liver slices from fasted rats. However, force-feeding of non-essential amino acids had little effect, as in the case of the protein-free diet. On the other hand, complete, and essential amino acid mixtures, and even only single amino acid, tryptophan, showed effects similar to those of the protein-containing diet (K. Nagai et al., unpublished data). Therefore, protein, complete amino acid, and especially essential amino acid mixtures may be required for the stimulatory effects of refeeding.
Furthermore, the formation of 40S and 80S initiation complexes in liver slices were also stimulated by refeeding the complete diet. In this respect, Pain and Henshaw (27) reported that [35S]methionyl tRNAf-40S complex formation by cultured Ehrlich ascites tumour cells was decreased when cells were cultured in a medium deprived of lysine. In spite of being shown in a different system, this observation must support our own that the enhancement of the incorporation of labeled leucine into protein fractions was caused by refeeding a protein-containing diet to the fasted rats (Fig. 3) . Furthermore, this observation may mainly be explained by the fact that refeeding a protein-containing diet increases the initiation of peptides synthesis in liver slices (Figs. 4 and 5) . These are also exerted without newly supplying as well as changing size of poly(A)(+) mRNA (Table 1 and Fig. 2 ), known as engaging to direct various proteins (17, 18) in rat liver. Therefore, increase of protein synthesis due to early effect of refeeding must be achieved at the translational level, mainly as initiation steps.
The importance of chain initiation steps to the regulation of protein synthesis in mammalian cells has been reported by many investigators [see review (28) In this respect, however, it is notable that protein in the diet plays a critical role in inducing the initiation stage of protein synthesis in rat liver slices .
